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Abstract

ZnO is a promising member of the semiconducting materials of II-VI group. ZnO nanocrystals have shown potential
applications in various novel technologies. In the present investigation of ZnO nanocrystals, a novel chemical route
using Zinc acetate as organic precursor is being reported. ZnO nanocrystals were characterized using X-ray
diffraction, scanning electron microscopy UV-visible (UV–vis) spectroscopy, and photoluminescence measurements.
The X-ray diffraction studies reveal the typical hexagonal structure of ZnO nanocrystals along the preferred
orientation of (101) and (100) planes. The optical bandgap of ZnO nanocrystals was found to be 3.50 eV from the
absorbance spectrum, which is higher than that of the bulk ZnO material. A blueshift of 21 nm is observed in the
excitonic transitions, which clearly indicates the formation of ZnO nanocrystals. Photoluminescence spectroscopy of
the ZnO nanocrystals showed a strong emission peak at 365 nm near the band edge along with a weak
green-yellow emission peak spanning the range of 450 to 600 nm. The blueshifting was also observed in the
photoluminescence spectrum, in accordance with the UV–vis spectroscopy in contrast to the bulk ZnO material.
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Background
Robust ZnO is one of the extensively investigated semi-
conducting materials of the II-VI group due to its being a
promising candidate for technological applications with a
wide bandgap of 3.30 eV and large exciton binding energy
of about 60 meV [1]. ZnO is the only semiconductor ma-
terial extensively investigated after Si/Ge. Robust ZnO
has important applications in the field of biosensors,
solar cell window, surface acoustic devices, gas sensor,
and piezo actuator devices [2,3]. Recently, semiconductor
nanoparticles have attracted much attention due to their
excellent properties like optical, structural, and magnetic.
A ZnO nanocluster like nanoparticles, nanobelts, nanor-
ods, nanoflowers, nanowires, nanotubes as well as colloid
and bulk nanoparticles also have shown excellent lumi-
nescence properties [4]. ZnO nanoparticles are not only
important for basic research but are also promising for
industrial applications at large. Due to the reduction of
the grain size, the surface-to-volume ratio increases,

which stimulates the discrete nature of the electronic
states of the nanomaterials in contrast to the bulk mater-
ial. Therefore, we may tune the emission wavelengths by
altering their grain size. The ZnO nanocrystals have been
grown by various methods such as electrodeposition
[5], pulse laser deposition [6], microwave irradiation [7],
thermal evaporation [8], template-assisted growth [9],
sol–gel route [10], etc. However, all the above mentioned
techniques need high cost to set up the expensive equip-
ment. Hence, it is still a challenging task to look for sim-
ple and cost-effective methods to synthesize metal oxide
semiconductor nanoparticles. In the present investiga-
tion, we utilized a novel chemical route to synthesize
ZnO nanocrystals. However, the sol–gel route is a low-
cost, simple synthesis technique that offers control over
the size and phase without any expensive equipment
[11,12]. In the present report, we have synthesized the
hexagonal-structured ZnO nanocrystals using the zinc
acetate organic precursor. The synthesized powder sam-
ples have been characterized using X-ray diffraction
(XRD), UV-visible (UV–vis) spectroscopy, scanning elec-
tron microscopy (SEM), and photoluminescence (PL)
spectroscopy. The crystal structure, surface morphology,
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and optical properties of the fine powders are critically
examined.

Methods
In the present work, we have used analytical-grade precur-
sors. All chemicals and reagents were utilized with 99.99%
purity from Merck Chemicals (White House Station, NJ,
USA) and used without further purification. ZnO nano-
crystals were synthesized by the novel chemical route. In
this chemical route, we used the inc Acetate [Zn
(CH3CO2)2.2H2O] precursor as a inc ion source. In this
typical synthesis process of ZnO nanocrystals, the inc
Acetate was dissolved in NaOH with a molar ratio of 1:85.
The solution was strongly stirred with reflux at a constant
temperature of 80°C for 3 h; finally, white precipitate was
formed within the solution. The solution was filtered by a
Whatman filter paper of precise porosity. The precipitate
was washed repeatedly many times by ethanol to eliminate
impurities. The washed precipitate was annealed at a
temperature of 100°C in an oven for 2 h and ground into
fine powders. The fine powders were characterized using
XRD, SEM, UV–vis, and photoluminescence spectros-
copy. The absorbance spectrum of the annealed powders
was obtained in the range of 200 to 900 nm using JASCO
UV–VIS-NIR spectrometers (Model-V570, Jasco Analyt-
ical Instruments, Easton, MD, USA). The structural
properties of the synthesized powders were studied
using Philips Analytical Diffractometer (Model PW3710,
Philips, Amsterdam, Netherlands). The surface morph-
ology of the fine powders was examined using a
Zeiss scanning electron microscope (model Carl Zeiss
EVO-40, Carl Zeiss AG, Oberkochen, Germany). Photo-
luminescence spectroscopy of the powder samples was
measured using a He-Cd laser as an excitation source,
while the sample powders were excited at the 325-nm
operating range with an output power of 50 mW, and

a Jovin Youvan monochromator (HORIBA, Ltd., Kyoto,
Japan) fitted with a Hamamatsu R928 (Hamamatsu,
Japan) photomultiplier detector.

Results and discussion
X-ray diffraction analysis
The X-ray diffraction patterns of the synthesized ZnO
fine powders are shown in Figure 1. The X-ray diffraction
studies indicated the development of hexagonal structure
of the chemically synthesized ZnO nanocrystals. The X-
ray pattern peaks are well indexed with JCPDS file num-
ber S6314, in agreement with the hexagonal structure of
the ZnO nanopowders. The different peak orientations
were observed along the (100), (002), (101), (102), and
(110) planes. The typical hexagonal wurtzite structure of
the synthesized ZnO nanoparticles is inferred from the
XRD pattern, which is in good agreement with the intrin-
sic fundamental structure of ZnO as reported in the lit-
erature. The crystallite size (D) of the synthesized ZnO
nanocrystals was calculated using the Debye-Scherrer
formula [13] as given below:

D ¼ kλ
β2θ cosθ

ð1Þ

where k is a constant taken to be 0.94, λ is the wavelength
of the X-ray used (λ=1.54 Å), β2θ is the full width at half
maxima of the (002) peak of the X-ray diffraction pattern,
and 2θ is the Bragg angle around 34.44°. Finally, the calcu-
lated average value of grain size is found to be 25 nm.

SEM analysis
The surface morphology of the synthesized ZnO nano-
crystal was examined by SEM micrographs and shown
in Figure 2a,b with magnifications of 58.44 KX and
34.03 KX, respectively. The average grain size of the

Figure 1 XRD pattern of the ZnO nanoparticles.
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ZnO nanocrystals observed in the SEM micrographs is
of the order of approximately 60 nm. From Figure 2a,b,
it is evident that the SEM micrographs show
hexagonal-type structure of the synthesized ZnO nano-
crystals. The prominent well-structured growth observed
from the SEM micrographs of the fine particles con-
firms the development of hexagonal wurtzite crystal
structure of the ZnO nanocrystals. It may be noted that
the grain size of the ZnO fine powders estimated from
SEM is in good agreement with the particle size calcu-
lated from the XRD analysis [14]. The synthesized ZnO
powder size investigated was in nanograins; thereby, the
increase of surface area ratio with volume plays a vital
role in the enhancement of optical properties of the
materials. Meanwhile, the reduction of grain size in
nanorange confirms the quantum confinement effect to
the ZnO powders, which confers as a blueshift due to
increase of the bandgap. It is worth mentioning that
the optical bandgap of promising application-based
materials may be tuned by tailoring its particle size as
desired through various novel growth processing techni-
ques. It not only increases the property of the materials
but also enhances versatile applicability.

Optical properties
The absorbance spectrum of the synthesized ZnO nano-
crystals is shown in Figure 3. From Figure 3, it is evident
that the ZnO nanocrystals showed high absorbance in the
wavelength range of 200 to 270 nm in the absorbance
spectrum. The absorbance decreases abruptly near the
band edge around 365 nm, after which it turns to the
transmittance region. For further confirmation, the particle
size of the ZnO nanopowder was also estimated by optical
method using the Brus equation [15] as given below:

Eeff ¼ Eg þ h2π2

2μR2
� 1:8e2

4πε0ε0R
ð2Þ

with (1/μ=1/me
* + 1/mh

* ), where me
* is the effective mass of

the electron (0.19 me), mh
* is the effective mass of the hole

(0.8 mh), R is the radius of the particle, ε0 is the dielectric
constant (5.7), and ε0 is the permittivity of free space. The
particle size of the ZnO nanopowders estimated using the
Brus equation was found to be 27 nm, which is in good
agreement with the size of 25 nm estimated from the XRD
analysis.
Furthermore, the optical bandgap of the synthesized

ZnO nanocrystals was critically examined near the materi-
al's fundamental absorption band edge using the Urbach
relation given as:

αhν ¼ A hν� Eg
� �m ð3Þ

where A is the characteristic parameter (independent of
photon energy) for this transition, h is Plank's constant,
and ν is the frequency of the light. Eg is the bandgap, and
m is the parameter which characterizes the transition
process involved. The parameter m takes the place value
of 2 for the direct permitted transition and 1/2 for indirect
transitions. The plot of (αhν)2 vs. hν for the synthesized
ZnO nanocrystals is shown in Figure 4. The extrapolation
of (αhν)2 up to 0 absorption coefficient that intercepts to
hv provides material bandgap. Hence, the estimated

Figure 2 SEM micrographs of ZnO nanoparticles. With magnifications of (a) 58.44 KX and (b) 34.03.

Figure 3 Absorbance spectrum of ZnO nanocrystals.

Khan et al. International Nano Letters 2012, 2:22 Page 3 of 5
http://www.inl-journal.com/content/2/1/22

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

IDbandgap for the present synthesized ZnO nanopowder
material is found to be 3.50 eV, which is more than that of
the bulk ZnO material (3.30 eV) [16]. It is evident that a
blueshift is observed with reference to the bulk ZnO. This
study reveals the quantum confinement effect of exciton
carriers due to the reduction in ZnO particle size in the
range of few nanometers.

Photoluminescence
The photoluminescence spectroscopy is an excellent in-
tensive technique for the investigation of the exact band
edge transition levels of a material. A well-defined decon-
voluted photoluminescence spectrum of the synthesized
ZnO nanocrystals is depicted in Figure 5. The ZnO nano-
crystal PL spectrum showed a very strong and intense
emission peak at 365 nm, exactly near the band edge
emission, while showing no trap-related emission. From
the PL study, the optical bandgap of the synthesized ZnO
nanoparticles was estimated to be 3.5 eV. The blueshift is

also observed in the photoluminescence spectroscopy,
consistent with the absorbance spectrum. A broad green-
yellow illumination peak is observed over 450 to 600 nm
which is attributed to the amount of nonstoichiometry,
producing intrinsic defects in the material that may ori-
ginate from the zinc vacancy and anti-site defect in the
ZnO [17]. However, it may be noted that localized charge
carrier traps within the semiconductor materials are
caused by structural defects or chemical impurities.
Chemical impurities may also cause a surrounding of
structural defects by distorting the lattice as well as the
surface of a crystal. The trap states may be caused by the
thermal fluctuations of the molecules, which are expected
to result in shallow trap states within the bandgap.

Conclusions
In the present study, ZnO nanocrystalline powders were
synthesized successfully with hexagonal phase through
the novel chemical route using inc Acetate as organic
precursors. The optical bandgap value of the synthesized
ZnO nanocrystals is found to be 3.50 eV from the ab-
sorption spectroscopy, while the photoluminescence
spectrum reveals a strong emission at 365 nm along with
a broad green-yellow emission. In this investigation, a
blueshift observed in both of the absorbance optical
studies and PL spectroscopy on the ZnO nanoparticles
indicates quantum confinement of carriers, which con-
firms the effective particle size reduction of the synthe-
sized ZnO powders.
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Figure 5 Photoluminescence spectrum of ZnO hexagonal
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